In this paper, we study the Goldberg Snarks G k , twist Goldberg Snarks T G k , Flower snarks F k , and show the exact value of connected and tree domination number of them.
Introduction
We only consider finite connected and undirected graphs without loops or multiple edges. 
Let G = (V (G), E(G)) be a graph with |V (G)| = p and |E(G)
|
S ⊆ V (G) is a dominating set if and only if N [S] = V (G). The domination number γ(G)
is the minimum cardinality of a dominating set of G. 1 The research is supported by the Natural Science Foundation of China (No. 61173002) and Natural science fundation of Zhejiang province (No.LY14F020040). 2 Corresponding author Sampathkumar and Walikar [4] defined a connected dominating set S to be a dominating set S whose induced subgraph G[S] is connected. The minimum cardinality of a connected dominating set of G is the connected domination number γ c (G).
Chen et al. [1] etc. defined a tree dominating set S to be a dominating set S whose induced subgraph G[S] is a tree. The minimum cardinality of a tree dominating set of G is the tree domination number γ tr (G). If there is no tree dominating set in G, then let γ tr (G) = 0. They showed the exact values of the tree domination number for several classes of graphs, including P p , C p , K p , K 1,p−1 , K r,s and T , and gave several bounds for γ tr and the relationship of γ c and γ tr .
and the bound is sharp. Corollary 1.3.
Let G be a connected k-regular graph and k ≥ 2. If
and the bound is sharp. Observation 1.4. Let G be a connected k-regular graph and k ≥ 2, then
and the bound is sharp. In [6, 7] , Zhao et al. studied the connected domination number and tree domination number of the generalized Petersen graph P (n, k), and showed the exact value of γ c (P (n, k)) and γ tr (P (n, k)) for k = 1, 2, 4, 6, 8, ⌊ k 2
⌋.
The Goldberg snark is defined in [2] as follows:
, and adjacencies are defined as shown in Figure 1 .1. The superscript is always considered modulo k. The flower snark, defined by Isaacs [3] , begin with three disjoint k-cycles. In this paper, we study the Goldberg Snarks G k , twist Goldberg Snarks T G k , Flower snarks F k and their related graphs. In section 2, we show
The Connected and Tree Domination Number of Goldberg Snarks
The Goldberg Snarks G k and twist Goldberg Snarks T G k are cubic graphs. By Corollary 1.3, we have Lemma 2.1.
By an argument of the case of G k , we have γ tr (T G
3 The Connected and Tree Domination Number of Flower Snarks
If γ c (F k ) = 2k − 1, then let S be a minimum connected dominating set of F k with |S| = 2k − 1. We
assume G[S] is not a tree, then |E(G[S])| ≥ |S| and 3|S| − 2|E(G[S])| ≥ 4k − |S|. Hence we have 3|S| − 2|S| ≥ 3|S| − 2|E(G[S])| ≥ 4k − |S| and |S| ≥ 2k, a contradiction. So G[S] is a tree and γ tr (F
k ) = γ c (F k ). 2 Theorem 3.3. γ tr (F k ) = 2k − 1, for odd k ≥ 5. Proof. Let V i = {w i , x i , y i , z i } (0 ≤ i ≤ k − 1) and S = ∪ k−1 i=0 S i . If k = 4m + 1, then S 4p = {w 4p , x 4p , z 4p }, S 4p+1 = {x 4p+1 }, S 4p+2 = {w 4p+2 , x 4p+2 , y 4p+2 }, S 4p+3 = {x 4p+3 }, S k−1 = {z k−1 }.(0 ≤ p ≤ m − 1) If k = 4m + 3, then S 4p = {w 4p , x 4p , z 4p }, S 4p+1 = {x 4p+1 }, S 4p+2 = {w 4p+2 , x 4p+2 , y 4p+2 }, S 4p+3 = {x 4p+3 }, S k−3 = {w k−3 , x k−3 , z k−3 }, S k−2 = {x k−2 }, S k−1 = {y k−1 }.(0 ≤ p ≤ m − 1) Since G[S] is tree, N [S] = V (F k ) and |S| = 2k − 1, we have S is a tree dominating set of F k . Hence γ tr (F k ) ≤ 2k − 1. By Lemma 3.1, we have γ tr (F k ) = 2k − 1.2 Theorem 3.4. γ tr (F k ) = 2k, for even k ≥ 6.
Proof.
Let S be a minimum tree dominating set of F k . By Lemma 3.1,
Then there is at least one S i such that
, and we proved four claims at first. Claim 2.1.
The cases of y i ∈ S and z i ∈ S is analogous to that case of x i ∈ S. So Claim 2.1 is proved and |Y 1 | = 0. Claim 2.2. |Y 2 | = 0. Suppose S i ∈ Y 2 , then |S i | = 1 and only one vertex of {x i , y i , z i } belongs to S. Suppose x i ∈ S, then we need only consider the two cases as follow. 
Since y i and z i are dominated by vertices of S, then y i+1 ∈ S and z i+1 ∈ S, so Figure 6 . Case z i ∈ S for the proof of Claim 2.2
The cases of y i ∈ S and z i ∈ S is analogous to that case of x i ∈ S. So Claim 2.2 is proved and |Y 2 | = 0. The cases of y i ∈ S and z i ∈ S is analogous to the case of x i ∈ S. 
